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1 Introduction

At the previous meeting (RAN1#86b), orthogonal and non-orthogonal basis in advanced CSI have been extensively discussed with no conclusion.  However, no matter which scheme is adopted, the amount of uplink resource to carry advanced CSI will be extensively increased. 

In our companion contribution [1], uplink channel for un-quantized CSI feedback is discussed. This contribution focuses on uplink channel for quantized channel weighting feedback.
2 Periodic and aperiodic CSI reporting
Legacy CSI reporting can be periodic or aperiodic. For quantized advanced CSI, accurate PMI is achieved by high resolution quantization of preocoder for each subband. If advanced CSI is wideband based, the performance gain will become trivial, which had been proved by simulation results in several contributions. 
Observation: Advanced CSI feedback should be subband based.
The amount of quantized CSI is predicted to be 200~400 bits for one carrier. The number of bits will be even more for the CA scenario. Periodic reporting using PUCCH format2 fails to work due to insufficient capacity. Another solution is to use PUCCH format3 to carry advanced CSI. However, it requires a dozen of RBs to carry advanced CSI on one subframe. The overhead seems unacceptable for PUCCH format3. Of course, the advanced CSI can be reported using several periodic subframes. However, the accuracy of advanced CSI will be impacted due to extended delay in collecting the whole band CSI. In addition, it is a waste of resource for frequently reporting such amount of CSI even without date traffic.  

Based on above discussion, we have
Observation 1: Both PUCCH format2 and format3 are lack of sufficient capacity to carry advanced CSI.
Observation 2: Periodically reporting advanced CSI is a waste of resource, in particular for bust traffic.
Proposal 1: Only support aperiodic CSI reporting in advanced CSI.

3 PUSCH based CSI reporting
As we discussed in section 2, only aperiodic CSI reporting should be supported for advanced CSI. The advanced CSI may includes

· RI
· CQI

· OBI: Orthogonal Basis index, indicating oversampling offset, beams/columns selection 
· WI: weighting index, indicating quantization value for each weighting element
Among these CSIs, RI can be reported using legacy coding and modulation mechanism. For CQI/OBI and WI reporting, there is a concern that the amount of bits is too much for legacy TBCC encoder, especially in carrier aggregation scenario. Then there are proposals to enhance the channel for advanced CSI, e.g. using MAC-CE, RRC, or L1 signalling with turbo encoder.
RRC:

RRC is usually used to carry latency insensitive signaling. For advanced CSI, the property of ‘high accuracy’ will be compromised if a large delay is introduced in feedback. Compared with using MAC-CE, we don’t see any specific benefits from RRC. Thus it can be precluded.

MAC-CE:

Using MAC-CE to carry advanced CSI has less delay compared with RRC based feedback. With MAC-CE, CSI feedback can also benefit from turbo coding, link adaptation and HARQ. However, compared with L1 signaling, the additional latency is introduced since cross layer interaction is required for CSI processing.
In addition, it is well known that initial transmission BLER of UL-SCH is 0.1, while the BLER requirement for legacy CSI is 0.01. Using MAC-CE means initial transmission BLER will be much higher than that of convention L1 control signaling. The HARQ can make up the difference but introducing undesirable delay.
One solution to overcome this issue is to configure lower MCS level intentionally for PUSCH which carries advanced CSI and UL-SCH. However, this method may degrade the transmission efficiency of accompanied data traffic, since the initial BLER target of 0.1 is proved to be optimal for data traffic.
L1 signalling with Turbo encoder:
The other alternative is to introduce turbo encoder for advanced CSI when the number of bits exceeds certain threshold. Compared with MAC-CE based feedback, advanced CSI is still L1 control signaling, and visible in L1. Thus the delay due to cross layer interaction is avoided. Additionally, as the encoding of advanced CSI is decoupled with UL-SCH, the BLER of 0.01 can be guaranteed and meanwhile the impact on ULSCH is avoid.
The main drawback of this alternative is that it complicates the specification. However, in our view, the extra effort needed is kind of trivial since most legacy mechanism can be reused, such as determination of required symbol for CQI/PMI. We only need to enhance the table of CQI offset values 
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. It is possible that new values will need to be defined for each index to support advanced CSI.
Based on above discussion, if TBCC is the main concern, we slightly prefer to use L1 control signaling to carry advanced CSI, where the turbo encoder can be introduced.
Observation3: RRC based CSI reporting will introduce unacceptable delay, which should be precluded for advanced CSI reporting.
Observation4: MAC-CE based CSI reporting takes advantages of turbo coding, link adaptation and HARQ. However, there are some issues to be addressed such as latency and high BLER for initial transmission.
Observation5: Introduction of turbo encoder for advanced CSI provides more transmission efficiency. The specification impact can be minimized by reusing legacy schemes as much as possible. 
Proposal2: Introduce turbo encoder for L1 control signaling to carry advanced CSI if TBCC coding efficiency is the main concern.
4 Conclusions
In this contribution, uplink channel for quantized channel weighting feedback is discussed. We observe.
Observation1: Both PUCCH format2 and format3 are lack of sufficient capacity to carry advanced CSI.
Observation2: Periodically reporting advanced CSI is a waste of resource, in particular for bust traffic.
Observation3: RRC based CSI reporting will introduce unacceptable delay, which should be precluded for advanced CSI reporting.
Observation4: MAC-CE based CSI reporting takes advantages of turbo coding, link adaptation and HARQ. However, there are some issues to be addressed such as latency and high BLER for initial transmission.

Observation5: Introduction of turbo encoder for advanced CSI provides more transmission efficiency. The specification impact can be minimized by reusing legacy schemes as much as possible.
Thus we propose

Proposal 1: Only support aperiodic CSI reporting in advanced CSI.

Proposal2: Introduce turbo encoder for L1 control signaling to carry advanced CSI if TBCC coding efficiency is the main concern.
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